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Abstract Background: Asplenia syndrome is a form of heterotaxy characterized by bilateral rightsidedness. Congenital fusion of the adrenal glands (''horseshoe adrenal gland'') is a less common feature of asplenia syndrome, most instances of which have been found at autopsy. Purpose: To present clinical and imaging features of infants diagnosed with asplenia syndrome and horseshoe adrenal gland. Materials and methods: Six infants with asplenia syndrome were identified as having a horseshoe adrenal gland. Medical records and imaging studies were reviewed to determine clinical presentation, associated anomalies, and outcome. The literature was reviewed for prior reports of horseshoe adrenal gland. Results: Horseshoe adrenal gland was identified in five infants by sonography and one by CT, the latter confirmed by autopsy. In all cases, the horseshoe adrenal gland was pre-aortic. Besides features of asplenia syndrome, one infant also had associated vertebral anomalies and bilateral renal agenesis. Including the current cases, of 65 reported cases of horseshoe adrenal gland 34 (52%) were associated with asplenia, 24 (37%) with neural tube defects,
Introduction
Asplenia syndrome is a form of heterotaxy characterized by bilateral right-sidedness. Apslenia is associated with bilateral trilobed lungs with bilateral epiarterial bronchi, cardiovascular malformation, midline liver, absence of the spleen, and gastrointestional anomalies, including microgastria, mesogastria, and malrotation [1, 2, 3, 4] . Manifestations of asplenia syndrome vary from child to child. Horseshoe adrenal gland is a less common feature of asplenia. Most instances of this anomaly were found at autopsy [1, 2, 3, 4, 5, 6, 7, 8, 9] . We report six infants with asplenia in whom horseshoe adrenal gland was diagnosed by imaging in living infants.
Case reports
Six cases of horseshoe adrenal gland in association with asplenia were identified drawing from five different institutions. In each case, a clinically suspected diagnosis of asplenia was confirmed by cross-sectional imaging (sonography or computed tomography (CT)). Imaging studies and medical records of these patients were reviewed to identify associated anomalies. The literature was reviewed to identify prior reports of horseshoe adrenal gland.
Results
Horseshoe adrenal glands were identified in five infants by sonography ( Fig. 1 ) and in a sixth by computed tomography (Fig. 2) . Four infants diagnosed by sonography were 1-4 days old, and the fifth was 1 month old. In each case, sonography was being performed to delineate the presence or absence of the spleen. The infant diagnosed by CT was studied on the first day of life. This infant died shortly thereafter. In each case, the left and right adrenal glands were seen to connect across the midline in a pre-aortic location. Each of the six neonates had asplenia syndrome and congenital heart disease. Five of the infants had no renal or spine anomalies, while the sixth had bilateral renal agenesis, multiple vertebral segmentation anomalies and sacral agenesis. This was the infant who died shortly after birth. Autopsy confirmed a pre-aortic horseshoe adrenal gland. The other five infants, all of whom survived the neonatal period, have not shown clinical or biochemical evidence for adrenal dysfunction.
Discussion
Congenital fusion of the two adrenal glands is a rare anomaly. In most reported cases the finding of a horseshoe adrenal gland was made at infant or fetal necropsy [1, 2, 3, 4, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, Anomalies of the adrenal glands are infrequently identified by imaging studies in living patients. Ipsilateral adrenal gland agenesis occurs in 10% of patients with unilateral renal agenesis and is believed to result from absence of the mesonephric ridge, rather than failure of the ureteric bud, as in the more typical isolated renal agenesis [20] . Congenital adrenal gland hypoplasia is associated with major central nervous system anomalies, such as anencephaly, and chromosomal defects, such as triploidy [7] . Small adrenal cortical rests are a common pathologic finding [12] . Adrenorenal and adrenohepatic fusion are uncommon [20] . Fusion of the adrenal gland with the kidney or the liver is thought to occur as a result of disruption of the intervening coelomic epithelium, allowing incorporation of the developing adrenal gland into the capsule of developing kidney or liver and thus fusion [20] .
The embryologic origin of the horseshoe adrenal gland is unclear. The origin of the anomaly is likely in the early embryonic period, probably week 5-7, based on the associated anomalies and evidence for normal histiogenesis and gland function [20] . It has been theo- The case by Potter was a pathologic diagnosis; however, it is not specified as to autopsy vs fetal necropsy c Sonography at 1 day, 2 days, 3 days, 4 days, and 1 month of age rized that the anomaly is caused by disruption of intervening layers of coelomic epithelium, similar to adrenorenal and adrenohepatic fusion [13, 19] . Others have postulated that the adrenal gland may actually form from an anomalous single primordial gland rather than separate right and left glands [13] . This is supported by the association of fused adrenal glands with midline central nervous system defects and with failures of laterality (i.e., asplenia). Lastly, fetuses with severe neural tube defects may be disproportionately kyphotic [17] . It has been theorized that the resultant increased spacing of the spine, aorta, and developing abdominal organs allows for contact of the developing adrenal glands across the midline posterior to the aorta, and hence fusion [18] .
We report six infants, each diagnosed with asplenia and with sonographic or computed tomographic demonstration of horseshoe adrenal gland. The table 1 summarizes our cases and the available information on 59 cases of horseshoe adrenal gland that were identified in the literature. Of the 65 cases, 34 (52%) were seen in association with asplenia syndrome, 24 (37%) with neural tube defects, 19 (29%) with renal anomalies, and 2 (3%) with Cornelia de Lange syndrome. In some cases, more than one of the aforementioned associations was noted. The neural tube defects varied in severity, with many being severe and prompting termination of pregnancy, or resulting in fetal demise or early neonatal death. The renal anomalies varied and included cases with both bilateral renal agenesis (6 cases) and horseshoe kidney (4 cases).
Asplenia, itself, is a form of heterotaxy syndrome denoted by bilateral right-sidedness. Asymmetric organs develop owing to the combination of rotation of dorsal and ventral precursors and/or the involution of one side of mirror-image structures. An exception is the spleen, which originates as a thickening in the left aspect of the dorsal mesogastrium [21] . Thus, in asplenia, bilateral right-sidedness, the spleen, a left-sided structure, is absent. Other characteristic, but variable features of asplenia include bilateral trilobed lungs, a horizontal midline liver, malrotation, and cardiovascular malformation [1, 2, 3, 4] . Each of these facets of the syndrome represents a failure of an asymmetric organ to develop normally. Although the normal left and right adrenal glands differ slightly in shape, size, and location, suggesting subtle laterality, they are otherwise symmetric [22] . It is thus difficult to ascribe the horseshoe adrenal gland to a failure of laterality. However, one can also describe asplenia syndrome as a failure of structures of midline origin to develop normally [4] . As a result, failure of normal developing tissue planes or altered anatomy might allow for the left and right adrenal glands to contact across the midline and fuse. One could ascribe the difference in positioning of the fused adrenal gland in association with asplenia (always pre-aortic, when reported) and neural tube defects (often postaortic, when reported) to differences in position of primordial adrenal cortex cells in the coelomic epithelium relative to the embryonic aorta between the two groups [6, 8, 9, 12, 14, 15, 17, 18, 19] .
There have been no reported cases of horseshoe adrenal gland in association with polysplenia [4, 23] . In one case of horseshoe adrenal gland described by Klatt et al. [13] , complex anomalies included features of asplenia such as bilateral trilobed lungs with epiarterial bronchi, but the infant also had ''situs inversus of the spleen and accessory spleen''. Such cases, not strictly categorizable as either asplenia or polysplenia, serve to underscore the variability and overlap that may be present in infants with heterotaxy. In the series by Ticho et al. [4] , horseshoe adrenal gland was seen in 9 of 91 cases with asplenia, but none of 58 with polysplenia. At the present, it would therefore appear that the finding of horseshoe adrenal gland may be a differentiating feature between asplenia and polysplenia. As the prevalence of horseshoe adrenal gland in asplenia is low ($10% in the series by Ticho et al. [4] ), the absence of adrenal fusion does not exclude the diagnosis of asplenia.
In conclusion, horseshoe adrenal gland should be looked for in infants being studied for possible asplenia syndrome. Conversely, identification of a horseshoe adrenal gland should prompt a search for other features of heterotaxy. The anomaly may be more common than previously recognized. Although it appears that this anomaly may be an additional differentiating feature between asplenia and polysplenia, prospective study is needed. 
